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Description
TECHNICAL FIELD:

[0001] The present invention relates to a method for
control of the capacity of an air compressor and a device
for performing the capacity test.

BACKGROUND:

[0002] In vehicle workshops, it is difficult to easily de-
cide when a compressed air compressor incorporated in
the vehicle should be exchanged and replaced by a new
one. Usually, there are two criteria for change. The first
is that the compressor shoots out oil in the air. This helps
to make the air look dirty, but does not necessarily mean
that the pump capacity is low. Since dirty air can be seen
with the naked eye, it is possible to directly decide wheth-
er it is time to change compressor. The second criterion
is that the compressor is pumping too slowly, that is to
say that the compressor produces too little compressed
air per unit of time. This checking of the pump capacity
is more complicated and there has not been any simple
way of gaining a reliable assessment. The checks which
have been carried outin workshops have been imprecise
and have not been suitable for various types of vehicle.
In workshops, the test has been conducted by coupling
an external manometer to the compressed air system of
the vehicle and then measuring the time it takes for the
compressor to raise the pressure to a certain value. This
produces only an approximate time value, since it is not
possible to adapt the test with regard to sources of error.
For example, the test is not adaptable to the fact that
different tank volumes oughtto give different time values.
Other sources of error are, for example, that the air supply
varies if someone climbs into and out of the car during
the measurement. The air volume can also be changed
by the passage of air to other reservoirs in the vehicle.
Attempts have been made to define "pump-up-time", i.e.
the time it takes when the compressor starts from rest
position until the motor has been run up to a predefined
speed and the system has assumed a predefined pres-
sure, but for practical reasons this has not proved suc-
cessful in the workshops.

[0003] Owing to these said difficulties in checking the
compressor capacity, the compressor is in many cases
changed long before its actual working life has expired.
On the one hand, this is a waste of resources and, on
the other hand, itis unnecessarily expensive to exchange
working compressors solely because their capacity can-
not be accurately assessed.

[0004] US2782637A describes an apparatus for test-
ing compressors. US4676095A describes an apparatus
for measuring the work produced by a compressor.
US5811669A describes a method for calculating flow of
compressed gases.
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DESCRIPTION OF THE INVENTION

[0005] The object of the invention is to provide a meth-
od for checking the capacity of a compressor in a simple
and reliable manner. The invention also incorporates a
device comprising as few contained parts as possible for
carrying out the check of the capacity of a compressor.
[0006] The term "capacity of a compressor" here de-
notes the quantity of air which the compressor delivers
per unit of time at a given compressor speed and - coun-
terpressure.

[0007] The inventive solution to this problem is de-
scribed by the characteristic features in patent claim 1
regarding the method of evaluating the capacity of an air
compressor and in the characterizing part of patent claim
8 regarding the device.

[0008] The other patent claims contain advantageous
embodiments and refinements of the method according
to the invention.

[0009] By virtue of the method according to the inven-
tion, the compressor capacity is able to be checked in a
simple and reliable manner. The advantage with this is
that it is easy to check in the workshops when a change
of compressor should be made.

[0010] In the method according to the invention, the
compressor capacity in the vehicle is checked by air be-
ing allowed to flow out from the pressure tank through
an opening of known geometry. Following a calculation,
the quantity of evacuated air is established. After this,
the compressor pumps back up to the initial pressure in
the pressure tank. The compressor capacity is obtained
by comparing the time it takes for the compressor to pump
back up to the initial pressure with the time it takes when
an acceptable compressor pumps the same quantity of
air.

[0011] In an advantageous refinement of the method,
the air is allowed to flow out from the pressure tank for a
set period. The quantity of evacuated air is calculated.
After this, the compressor pumps back up to the initial
pressure in the pressure tank and the time it takes to
pump this known quantity of air is compared with a time
value in order to evaluate the compressor capacity.
[0012] In another refinement of the method, the pres-
sure is allowed to drop between two predefined pres-
sures. The time which the pressure takes to drop is meas-
ured and the discharged quantity of air subsequently cal-
culated. After this, the compressor pumps back up to the
initial pressure in the pressure tank. The time it takes to
pump this known quantity of air is compared with a ref-
erence value in order to evaluate the compressor capac-
ity.

[0013] In another advantageous refinement of the
method, prior to performance of the capacity check, a
check is made that the pressure in the pressure tank lies
within a predefined pressure range for a predefined time.
This check enables a leakage of air from the compressed
air system or to other reservoirs to be detected. Air leak-
age from the pressure tank renders the capacity check
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ineffectual.
BRIEF DESCRIPTION OF THE FIGURES:
[0014] The invention will be described in greater detail

below with reference to illustrative embodiments shown
in the appended drawings, in which

Fig.1 shows a traditionally controlled compressor
system.
Fig. 2 shows an electrically controlled compressor

system with a test device.
DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS:

[0015] The following described illustrative embodi-
ments of the invention, with refinements, should be re-
garded only as examples and should by ho means serve
to limit the scope of protection of the patent claims. In
the illustrative embodiments here described, the same
reference numerals refer in the various figures to the
same type of component.

[0016] A traditional air dryer according to fig. 1 has a
so-called off-line regeneration. The air which is pumped
out from a compressor 1 deposits water droplets, which
means that the air dryer 7 is exposed to moisture. Fol-
lowing completion of the compression, the air dryer 7 has
to be dried with dry air. The compressor 1, with incorpo-
rated motor 2, supplies compressed air to the air dryer 7
through a conduit 4. The air dryer 7 is in turn coupled, by
a conduit 5, to a separate tank 8, constituting a regener-
ation tank containing dry air. Coupled to the air dryer 7
by a conduit 6, via a nonreturn valve 10, is a pressure
tank 3. In this case, the pressure tank 3 represents the
compressed-air-consuming system in the vehicle. When
the pressure in the pressure tank 3 has reached a pre-
defined maximum value, a valve 11 on the air dryer is
opened in order thereby to reduce the pressure and ter-
minate the pumping. Should the system also contain a
control conduit 9 for relieving the compressor, this con-
duit, too, is activated. The air in the regeneration tank 8
is thereafter fed back through the air dryer 7 for drying
ofthe drying massintheairdryer 7. After this, itis possible
to reuse the air dryer 7. The air dryer 7 has a pneumatic
control unit 12 and the air dryer also often incorporates
a pneumatic control signal which runs via the control con-
duit 9 disposed between the air dryer 7 and the compres-
sor 1. This pneumatic control signal enables the pumping
of the compressor to be shut off, so that the pumping of
air can be started and stopped in a controlled manner.
[0017] An electrically controlled air dryer has a so-
called in-line regeneration according to fig. 2 for the pur-
pose of drying the air, which means that a by-pass cou-
pling 14 is used instead of the regeneration tank used in
a traditional air dryer. The by-pass coupling 14 is dis-
posed either in the air dryer 7 or between the pressure
tank 3 and the air dryer 7. In the by-pass coupling there
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is a valve 13, which can be opened and can let back air
from the tank to the air dryer. The valve 13 is controlled
via a wire 20 from an electric control unit 17, which is
either an integral part of the air dryer or a separate control
unit. The air dryer 7 is dried by dry air being taken from
the pressure tank 3, after which this dry air is fed back
through the air dryer 7 to dry the drying mass in the air
dryer 7 until the air dryer has become once again dry.
[0018] The method according to the invention can ad-
vantageously be used in an electrically controlled air dry-
er having a so-called in-line regeneration, since a special
evacuation of air from the air tank is made on an already
existing system. No extra equipment needs to be fitted
on the vehicle in order to perform the capacity check on
the compressor.

[0019] The test device 18 in fig. 2 is constituted by a
control unit 15 coupled to the ordinary control unit 17 of
the air dryer. The control unit 15 comprises a processor,
memory and suitable input and output circuits which are
well known to the person skilled in the art. The control
unit 15 is also connected to an instrument panel 16 for
displaying generated information concerning the com-
pressor capacity. The compressor is driven by a motor
2 and the speed of the motor is set to a predefined value
prior to the start of the test. The compressor pumps air
until a predefined pressure P1is achieved in the pressure
tank 3, after which the compressor is relieved of load.
When this value of P1 has been found to be stable, i.e.
air is not leaking out from the system, a quantity of air is
evacuated from the pressure tank 3. This is effected by
a valve 13 being held open for a set period, in which the
air is allowed to flow out. The air flows out through an
opening (not shown) of predefined size. The pressure in
the pressure tank is measured as the air is evacuated
and, since the diameter of the opening is known, the dis-
charge flow, and hence the evacuated quantity of air, can
be calculated. The measurement of the pressure can
take place continuously, i.e. analogously throughout the
measurement or at regular or irregular intervals. When
the evacuation of air has been completed, an instanta-
neous pressure P2 is registered by the control unit 15.
[0020] The compressor then refills the pressure tank
3 until the original pressure P1 has been achieved. Once
the evacuated quantity of air has been calculated, the
quantity of air pumped by the compressor when the pres-
sure in the pressure tank was increased from the pres-
sure P2 to the pressure P1 is known. The control unit 15
measures the time t1 consumed when the compressor
increases the pressure from the pressure P2 in the pres-
sure tank to the original pressure P1. The control unit
then checks whether this time t1 lies within a predefined
time range tr. The predefined time range tr is the time
consumed when a compressor with acceptable capacity
pumps the corresponding quantity of air. Values of tr for
different compressor speeds can be stored in a database
in the control unit 15. If the time t1 lies outside the pre-
defined time range tr, the control unit 15 generates a error
message indicating that the used compressor should be
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exchanged since its pump capacity is too low. This error
message can be shownin aninstrument panel 16 forming
part of the test device.

[0021] In one example, a compressor is fitted on a ve-
hicle. Since the method presupposes that no air con-
sumption occurs during execution of the method, the
method is most advantageously carried out after the ve-
hicle has been started and the compressed air system
has reached a steady state. The compressor is driven
by the engine of the vehicle, which has a preset speed
of 1000 rpm. The pressure P1is set to a level below the
cut-off pressure of the system, for example 11.5 bar. A
valve is thereafter held open for a certain period, where-
upon the air is discharged through a predefined opening
of known geometry. The air flow through the opening is
calculated by continuously measuring the pressure in the
pressure tank and the evacuated volume is subsequently
calculated. This is done by applying a generally known
correlation such as Bernoulli's equation. The pressure
P1 in the tank is measured prior to the start of the test.
Thereafter, the pressure is measured continuously as air
is evacuated for a certain period, after which the evacu-
ated quantity of air can be integrated on a forward basis.
By letting the air flow out in this way, a method is obtained
which is independent of the volume of the pressure tank
and it is thus applicable to different types of vehicle and
vehicle variants with variously large compressed air vol-
umes. On certain vehicle variants superstructures can
be fitted, which does not affect the measuring method.
[0022] The principle of measuring how great a volume
is discharged from the pressure tank is that the air, for a
set period, is fed out from the pressure tank through an
opening of specific geometry. If Bernoulli's equation is
applied, then evacuated volume is obtained according to:

VvV = fodt,

& = F(p,d)

in which

V = evacuated volume (liters)

@ = air flow (liters/s),

P = the air pressure (Pa) and

d = the diameter of the opening (dm)

[0023] The method can be initiated, for example, when
the vehicle is ready for servicing in a workshop and is
connected via a connection 19 to a test apparatus in the
workshop (notshown). The compressor capacity is there-
after reported to a service mechanic via the test appara-
tus.

[0024] Another way of initiating the method is for the
initiation to take place in a menu system present in the
vehicle. In this case, the result is shown in the instrument
panel 16.

[0025] Apart from the capacity check being simple to

10

15

20

25

30

35

40

45

50

55

conduct, it is independent of the volume of the air reser-
voir and is therefore valid for vehicles of different types.
[0026] For a twin-cylinder compressor with 700 cm3
cubic capacity, a reasonable value of t1 is, for example,
5 seconds, and tr can be 1.7*t1, i.e. a deterioration in
pump capacity of around 40% for an approved compres-
sor.

[0027] In an alternative embodiment, the compressor
is driven by a motor 2 and the speed of the motor is set
to a predefined value. The higher the chosen speed, the
quicker the test can be performed. The compressor
pumps air until a predefined pressure P1 is achieved in
the pressure tank. When this value of P1 has been
achieved, a quantity of air is evacuated from the pressure
tank 3. This is done by evacuating air through a prede-
fined opening until a second pressure P2 in the pressure
tank has been achieved and has been registered by the
control unit 15. The time spent on getting the pressure
to drop from the pressure P1 to the pressure P2 is used
to calculate, with the aid of Bernoulli’'s equation, the vol-
ume of the evacuated quantity of air. The compressor
pumps the pressure in the pressure tank 3 back up to
the original pressure P1. The control unit 15 measures
the time t1 consumed when the compressor increases
the pressure from the pressure P2 in the pressure tank
to the original pressure P1. The control unit then checks
whether this time t1 lies within a predefined time range
tr. If the time t1 lies outside the predefined time range tr,
the control unit generates a error message. This error
message can be shown in aninstrument panel 16 forming
part of the test device.

[0028] Another refinement of the method includes a
check that the first pressure (P1) in the pressure tank 3
lies within a predefined pressure range for a certain set
period. A leakage of air from the compressed air system
or to other reservoirs can thereby be detected. Air leak-
age from the pressure tank 3 renders the capacity check
ineffectual.

[0029] In another advantageous illustrative embodi-
ment, the method can be applied to a compressor forming
part of a free-standing air generation unit used, for ex-
ample, at building sites.

[0030] In another refinement, the monitoring can be
remote-controlled via the internet or by telephone. This
is particularly advantageous in respect of free-standing
air generation units, which are often unmonitored. In this
case, the test can be realized independently by the sys-
tem. The compressor is in this case set to conduct the
test at regular intervals, for example each time it is start-
ed. The system can call a monitoring center and send
error messages and/or a report of the compressor ca-
pacity.

[0031] Another advantage with the invention is that the
capacity check can be realized automatically by an algo-
rithm in the control system ensuring that the test is con-
ducted at programmed regular intervals.

[0032] The invention should not be considered to be
limited to the illustrative embodiments described above,
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but rather a host of further variants and modifications are
conceivable within the scope of the following patent
claims. For example, the method is not only applicable
to ground vehicles, but also to, for example, airplanes,
boats, etc. For example, a flow meter in the predefined
hole can be used, instead of calculating the flow from the
pressure tank.

Claims

1. Amethodforevaluating the capacity of acompressor
(1), comprising the following steps:

- setting the speed of the compressor to a con-
stant and predefined value,

- with said compressor, filling a pressure tank
(3) so that a first predefined pressure, P1, is
achieved in the pressure tank (3) and subse-
quently relieving the compressor,

- opening a valve (11) so that a quantity of air
from the pressure tank (3) is allowed to flow out
from an opening of predefined size,

- measuring the pressure in the pressure tank
(3) during the evacuation of the air,

- shutting the valve (11) once said quantity of air
has been evacuated,

- registering instantaneous pressure, P2, in the
pressure tank (3) once the valve (11) has been
shut,

- calculating the evacuated quantity of air,

- with the compressor, filling the pressure tank
(3) until the first pressure, P1, in the pressure
tank (3) is registered again,

- registering the time, t1, which is needed to raise
the pressure in the pressure tank (3) from the
pressure P2 to the pressure P1,

- generating a error message if the time, t1, lies
outside a predefined time range, tr.

2. Themethod as claimed in patent claim 1, comprising
the step of shutting the valve (11) after a specific
time.

3. The method as claimed in patent claim 1, comprising
the step of shutting the valve (11) once a predefined
pressure P2 has been measured inthe pressure tank

A).

4. The method as claimed in patent claims 1-3, com-
prising the step of checking that the pressure, P1,
lies within a predefined pressure range, Pr, for a pre-
defined time, tf, before said quantity of air is evacu-
ated from the pressure tank (3).

5. The method as claimed in claims 1-4, comprising the
step of the method being carried out at predefined
time intervals and/or each time the compressor is
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10.

started.

The method as claimed in claims 1-5, comprising the
step of the method being initiated by a person using
a menu system present in the vehicle.

The method as claimed in patent claims 1-5, com-
prising the step of the method being initiated by an
outer signal.

A device for evaluating the capacity of an air com-
pressor (1), comprising a pressure tank (3) having a
valve (11) and an opening of known geometry, and
a control unit (15), wherein said control unit (15) is
designed to set the speed of the compressor (1) to
a predefined value and open and shut the valve (11)
S0 as to evacuate a certain quantity of air from the
pressure tank (3) through the opening, after which
the control unit (15), via the compressor (1), fills the
pressure tank (3) with said quantity of air for a certain
time, t1, and compares whether the time t1 lies within
a predefined time range.

The device as claimed in patent claim 8, character-
ized in that the device is connected to a compressor
(1) forming part of a free-standing air generation unit.

The device as claimed in patent claim 8, character-
ized in that the device is connected to a compressor
fitted on a vehicle.

Patentanspriiche

1.

Verfahren zur Bewertung der Leistung eines Kom-
pressors (1) mit den folgenden Schritten:

- Einstellen der Drehzahl des Kompressors auf
einen konstanten und vorher bestimmten Wert,
- Fullen eines Drucktanks (3) mit dem Kompres-
sor, so dass ein erster vorher bestimmter Druck,
P1, in dem Drucktank (3) erreicht wird, und dar-
auffolgendes Entlasten des Kompressors,

- Offnen eines Ventils (11), so dass eine Luft-
menge aus dem Drucktank (3) aus einer Off-
nung mit vorher bestimmter Grof3e ausstromen
kann,

- Messen des Drucks im Drucktank (3) wéhrend
des Ablassens der Luft,

- SchlieRendes Ventils (11), sobald die Luftmen-
ge abgelassen wurde,

- Erfassen des momentanen Drucks, P2, in dem
Drucktank (3), sobald das Ventil (11) geschlos-
sen wurde,

- Berechnung der abgelassenen Luftmenge,

- Fullen des Drucktanks (3) mitdem Kompressor
bis der erste Druck, P1, in dem Drucktank (3)
wieder erfasst wird,
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- Erfassen der Zeit, t1, die fir ein Anheben des
Drucks in dem Drucktank (3) von dem Druck P2
auf den Druck P1 nétig ist,

- Erzeugen einer Fehlermeldung, wenn die Zeit
t1 auBerhalb eines vorher bestimmten Zeitbe-
reichs, tr, liegt.

Verfahren nach Anspruch 1, mit dem Schritt des
Schliel3ens des Ventils (11) nach einer bestimmten
Zeit.

Verfahren nach Anspruch 1, mit dem Schritt des
SchlielRens des Ventils (11) sobald ein vorher be-
stimmter Druck P2 in dem Drucktank (3) gemessen
wurde.

Verfahren nach den Anspriichen 1 bis 3, mit dem
Schritt der Uberpriifung, ob der Druck, P1, eine vor-
her bestimmte Zeit, tf, innerhalb eines vorher be-
stimmten Druckbereichs, Pr, liegt, bevor die Luft-
menge aus dem Drucktank (3) abgelassen wird.

Verfahren nach den Ansprichen 1 bis 4 mit dem
Schritt, dass das Verfahren in vorher bestimmten
Zeitintervallen und/oder jedes Mal dann durchge-
fuhrt wird, wenn der Kompressor gestartet wird.

Verfahren nach den Ansprichen 1 bis 5 mit dem
Schritt, dass das Verfahren durch eine Person initi-
iert wird, die ein in dem Fahrzeug vorhandenes Me-
niisystem verwendet.

Verfahren nach den Anspriichen 1 bis 5, mit dem
Schritt, dass das Verfahren durch ein uf3eres Signal
initiiert wird.

Vorrichtung zur Bewertung der Leistung eines Luft-
kompressors (1), mit einem Drucktank (3), der ein
Ventil (11) und eine Offnung bekannter Geometrie
aufweist, und einer Steuereinheit (15), wobei die
Steuereinheit (15) so ausgelegt ist, dass sie die
Drehzahl des Kompressors (1) auf einen vorher be-
stimmten Wert einstellt und das Ventil (11) 6ffnetund
schlie3t, um eine bestimmte Luftmenge aus dem
Drucktank (3) durch die Offnung abzulassen, wo-
nach die Steuereinheit (15) Uber den Kompressor
(1) den Drucktank (3) eine gewisse Zeit, t1, lang mit
der Luftmenge fillt, und vergleicht, ob die Zeit t1 in-
nerhalb eines vorher bestimmten Zeitbereichs liegt.

Vorrichtung nach Anspruch 8, dadurch gekenn-
zeichnet, dass die Vorrichtung mit einem Kompres-
sor (1) verbunden ist, der einen Teil einer freistehen-
den Lufterzeugungseinheit bildet.

Vorrichtung nach Anspruch 8, dadurch gekenn-
zeichnet, dass die Vorrichtung mit einem an einem
Fahrzeug angebrachten Kompressor verbunden ist.
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Revendications

Procédé pour évaluer la capacité d'un compresseur
(1), comportant les étapes suivantes :

- établir la vitesse du compresseur a une valeur
constante et prédéfinie,

- avec ledit compresseur, remplir un réservoir
de pression (3) de sorte qu’une premiéere pres-
sion prédéfinie, P1, est obtenue dans le réser-
voir de pression (3), et libérer ensuite le com-
presseur,

- ouvrir un clapet (11) de sorte qu’une quantité
d’air du réservoir de pression (3) soit autorisée
a s’écouler a partir d'une ouverture de taille pré-
définie,

- mesurer une pression dans le réservoir de
pression (3) pendant I'évacuation d’air,
-fermerle clapet (11) une fois que ladite quantité
d’air a été évacuée,

- enregistrer une pression instantanée, P2, dans
le réservoir de pression (3) une fois que le clapet
(11) a été fermé,

- calculer la quantité d'air évacuée,

- avec le compresseur, remplir le réservoir de
pression (3) jusqu’ace que lapremiéere pression,
P1, dans le réservoir de pression (3), soit enre-
gistrée a nouveau,

- enregistrer le temps, t1, qui est nécessaire pour
faire monter la pression dans le réservoir de
pression (3) a partir de la pression P2 jusqu’a la
pression P1,

- générer un message d’erreur si le temps, t1,
setrouve al'extérieur d'une plage de temps pré-
définie, tr.

Procédé selonlarevendication 1, comportantI'étape
consistant a fermer le clapet (11) aprés un temps
spécifique.

Procédé selonlarevendication 1, comportant'étape
consistant a fermer le clapet (11) une fois qu’'une
pression prédéfinie P2 a été mesurée dans le réser-
voir de pression (3).

Procédé selon les revendications 1 a 3, comportant
I'étape consistant a vérifier que la pression P1 se
trouve dans la plage de pression prédéfinie Pr pen-
dant un temps prédéfini tf avant que ladite quantité
d’air ne soit évacuée du réservoir de pression (3).

Procédé selon les revendications 1 a 4, comportant
I’étape du procédé étant mise en oeuvre a des inter-
valles de temps prédéfinis et/ou a chaque fois que
le compresseur est démarré.

Procédé selon les revendications 1 a 5, comportant
I’étape du procédé initiée par une personne utilisant
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un systéeme de menu présent dans le véhicule.

Procédé selon les revendications 1 & 5, comportant
I'étape du procédeé initiée par un signal externe.

Dispositif pour évaluer la capacité d’'un compresseur
a air (1), comportant un réservoir de pression (3)
ayant un clapet (11) et une ouverture de géométrie
connue, et une unité de commande (15), dans lequel
ladite unité de commande (15) est congue pour éta-
blir la vitesse du compresseur (1) a une valeur pré-
définie, et pour ouvrir et fermer le clapet (11) afm
d’évacuer une certaine quantité d'air du réservoir de
pression (3) a travers I'ouverture, aprés quoi l'unité
de commande (15), via le compresseur (1), remplit
le réservoir de pression (3) de ladite quantité d’air
pendant un certain temps t1, et vérifie si le temps t1
se trouve dans une plage de temps prédéfinie.

Dispositif selon la revendication 8, caractérisé en
ce que le dispositif est relié a un compresseur (1)
faisant partie d’'une unité génératrice d'air autopor-
tante.

Dispositif selon la revendication 8, caractérisé en
ce que le dispositif est relié a un compresseur agen-
cé sur un véhicule.

10

15

20

25

30

35

40

45

50

55

12



PRIOR ART

-

[0S

EP 1608 946 B1

mil

FIG. 1

I 12



EP 1608 946 B1

) 7
5
L
N
L 11
9 17
18
)
15
)
16
C

FIG. 2



	bibliography
	description
	claims
	drawings

